Introduction. Thermal barrier coatings (TBCs) are used in the hot sections of gas turbine engines and airplane engines to lower the temperature of the underlying superalloy substrate. A TBC system comprises a superalloy substrate, bond coat (BC), and TBC top coat (TC). It is well recognized that the generating mechanism of residual stresses in the coatings is important in manufacturing a well-designed TBC system. The objective of this study is to investigate the effect of high temperature exposure on residual stresses in atmospheric plasma sprayed (APSed) CoNiCrAlY BC and yttria-stabilized zirconia (YSZ) TC. For this purpose, time-dependent residual stresses of the coatings heat-treated at 600-1000°C were evaluated using X-ray diffraction method. The changing mechanism of residual stresses in TC and BC was also studied by using finite element analysis (FEA).
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Evaluation Method of Residual stress. The in-plane surface residual stresses in TC and BC were measured by X-ray diffraction through cos method at room temperature. An X-ray residual stress analyzer (Pulstec Industrial, -X360) with Cr-K radiation was used. Xray conditions and X-ray elastic constants used in the calculation were shown in Table 1 . The averaged stresses in five deferent locations were evaluated. Specimen. The two-layered BC system specimen comprising Ni-based superalloy substrate and CoNiCrAlY deposited by APS was used for evaluating the BC stress. For stress measurement of TC, the threelayered TBC system specimen comprising Ni-based superalloy substrate, CoNiCrAlY, and YSZ deposited by APS was used. On the BC system specimen, the substrate thickness, hs, was 2 mm, and the BC thickness, hb, was 0.3 mm. On the TBC system specimen, hs was 2 mm, hb was 0.15 mm, and the TC thickness, hc, was 0.5 mm. The heat treatment was performed at 600-1000°C for 1-75 h in air. Results and Discussion. The effects of heat treatment on residual stresses in the as-sprayed and heat-treated coatings were investigated. First, we discuss the residual stress in BC. The residual stress in the as-sprayed and heat-treated BC are shown in Fig. 1 . The residual stress changes from tensile to compressive by heat treatment. The treatment temperature affect the magnitude of residual stress: The higher treatment temperature makes residual stress lower. The decrease in residual stress by heat treatment is significant at short time (1 h), and insignificant at longer times. It is convinced by using FEA that the tensile residual stress was relaxed due to the high temperature creep, resulting in compressive residual stress because of thermal misfit strains during cooling process. Thus, the dependency of residual stress on treatment temperature and holding time was consistently explained by focusing on the creep effect. Next, we discuss the residual stress in TC. In the case of TC, the heat treatment did not change the residual stress even by high treatment temperature and long treatment time.
Conclusion. The effects of heat treatment on the residual stress in coatings of TBC system were investigated using X-ray diffraction method. The compressive residual stress was induced in BC because of the stress relaxation originating from high temperature creep of BC. On the other hand, the heat treatment had an insignificant effect on the stress of TC.
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